SUMMARY The study cohort consists of 459 subjects over 60 years of age. Intraocular pressure and degrees of exfoliation, lens changes, and pigment were recorded and their interrelationships investigated. A raised intraocular pressure was found to be associated with exfoliation, as also was increased pignentation and the development of lens changes. An original observation is that the exfoliated males had a significantly higher IOP than their female counterparts.
SUMMARY The study cohort consists of 459 subjects over 60 years of age. Intraocular pressure and degrees of exfoliation, lens changes, and pigment were recorded and their interrelationships investigated. A raised intraocular pressure was found to be associated with exfoliation, as also was increased pignentation and the development of lens changes. An original observation is that the exfoliated males had a significantly higher IOP than their female counterparts.
So-called 'pseudo exfoliation of the lens capsule' continues to arouse great interest because of the uncertainty surrounding the origin of the exfoliated material and its relationship to raised intraocular pressure. The continuing production of the exfoliated material in the absence of the lens'3 and the presence of the material outside the eye45 when it could not have got there via the uveoscleral canals6 confirms a more widespread distribution. Eagle etal.7 found it in the wall of a short posterior ciliary artery in the orbit, and they added further evidence that the material is a form of abnormal basement membrane. This would also explain the reason why the lens epithelium,89 the ciliary epithelium,2 and the zonule'0 have also been found to produce it. The name of 'the exfoliation syndrome"' is therefore more appropriate.
The liberation of pigment into the anterior chamber, with its deposition presumably by gravity in the lower part of the angle, coupled with the depigmentation of the iris and its abnormal vasculature,'2 is also part of the process.
Incidence rates for the syndrome reported to date are predominantly based on males and females combined and ignore possible sex variations. These reports have not been consistent, 3I8 and it is suggested that a large-scale controlled study is required to clarify the issue. It is unusual under the age of 60.
While the existence of its relationship to glaucoma has been known for many years, the mechanism that produces the increase in intraocular pressure has never been clarified, and Pohjola and *An abstract of this paper was read at the meeting of the Irish Ophthalmological Society, May 1979. Correspondence to J. G. Madden, Eye, Ear and Throat Hospital, Cork.
Horsmanheimo'9 found that the steroid responders in cases with the exfoliation syndrome were no higher than those of the normal population. They postulated that two types of glaucoma processes are involved. The first is a primary simple glaucoma in which both eyes are involved and is steroid responsive. The second type, which is not steroid responsive, is secondary to the exfoliation and affects only one eye.
The frequency of cases of the syndrome in our glaucoma clinics (63%) prompted this investigation. The study was undertaken to elicit its prevalence, relationship with sex, age, intraocular pressure, lens changes, and the type and extent of pigment in the angle.
CLINICAL FEATURES
The syndrome is undetectable except with a slit-lamp or strong loupe. With an undilated pupil dandrufflike deposits are seen at the edge of the iris. When the pupil is dilated the appearance is of a granular peripheral zone and central disc on the superficial layers of the capsule, which present with the classical hoar frost appearance. Between these 2 is a nonnalappearing ring of lens capsule which appears to be the area in contact with the moving iris, which supposedly keeps it clear of the deposits. 4 The less usual appearance is that of a peeling of the thin superficial lamella of the capsule in which it becomes rolled, rather like an onion skin. Clumps of exfoliated material are seen in advanced cases on the posterior corneal surface and in the angle. The clumps are also seen on the vitreous face and the pupil edge after cataract extraction. outpatient department over a 6-year period because they had the syndrome. The second group was a random sample of clinic patients over 60 years of age. The third group was made up of subjects obtained from 3 geriatric homes, and thus enables the extent of the exfoliation syndrome in the over-60 population to be estimated.
The patients were examined by slit-lamp microscopy, gonioscopy, and applanation tonometry seated upright at the slit-lamp. When no evidence of exfoliated material was seen, the pupils were dilated with cyclopentolate 1% drops, because grade 1 is not visualised until this is done.
The following information was recorded for each subject: (a) sex; (b) age; (c) for each eye (1) pressure, (2) exfoliation, (3) lens changes, (4) fixed pigment, (5) loose pigment.
In quantifying or measuring exfoliation, lens changes, and fixed and loose pigment the observer is faced with the usual problems presented by qualitative information, and every effort was made in the construction of the indices to provide distinct and mutually exclusive categories. Reproducibility tests indicate that the following indices constructed for the present study are reliable (Table 1) .
There were 459 study subjects, who were distributed by study groups and sex as listed in Table 2 (average age in brackets). There was no significant difference in age between the sexes in the study groups.
Results
The subjects were initially classified according to the presence/absence and extent of exfoliation (Table 3) .
When we considered the exfoliated cases only, we found that 74% of these were bilaterally exfoliated. The average age of the bilateral cases was 72-1 years the average pressure at each level of exfoliation, according to the classification used, for the unilateral and bilateral groups, there was no significant difference at grades I and II, but at grade III the average pressure for unilateral cases was significantly higher (p<0-05).
The distribution of pigment of the 2 types measured is given in Table 4 .
While degree of exfoliation was related to degree of pigmentation in both unilateral and bilateral groups, the pigmentation was generally more advanced in the bilateral cases. Finally, 64% of bilaterally exfoliated eyes had lens changes compared with 51% of the unilateral series (NS).
When the nonexfoliated eyes from the unilateral cases were compared to the eyes from normal cases, a small but significant increase in IOP was found, there (17) 12 (4) 1 - (13) 38 (52) 62 (31) - (4 (42) 11 (18) I I (9) 16 (4) 1 35 (37) 32 (36) 12 (13) 11(12) 11 108 (38) 9 (32) 48 (17) 39 (14) III 20 (28) 22 (31) 16 (23) 13 (18) All 395 (45) 296 (33) 116 (13) was greater fixed and loose pigment, while no difference in degree of lens changes was seen (Table 5) .
RELATIONSHIPS OF EXFOLIATION
In order to evaluate in more detail the relationsWips of exfoliation, all eyes in the study were now pooled into 4 groups according to degree of exfoliation, and the average IOP for each level was calculated ( Table 6 ). The distribution of pigment, both toose and fixed, was next obtained ( Table 7) .
The association between pigment and exfoliation was highly significant (p<001) in both cases. This is illustrated by the fact that only 32% of nonexfoliated eyes had fixed pigment of some degree compared with 92% of eyes with grade IV exfoliation. The corresponding figures for loose pigment were 63% and 96% respectively.
Further, the associated fixed pigment was more advanced at each grade of exfoliation for males, while the loose pigment was more advanced for males only at grade II exfoliation ( Table 8 ).
The breakdown of exfoliation by lens changes is as follows ( Table 9) .
There was a strong relationship in this case also (p<O-01), where 47% of nonexfoliated eyes had some lens changes compared with 72% for the exfoliated eyes.
Since the main factors in the study have been shown to be related, it is important to investigate for possible interactions. An analysis of variance was carried out on IOP using degree of exfoliation, pigmentation, lens changes, and sex as explanatory variables. This analysis provided a very interesting and unexpected interaction between exfoliation and sex on IOP (Table 10 ).
This demonstrates clearly that the increase in IOP with exfoliation was significantly higher for males at every degree of exfoliation (I-III).
Since it is seen from Table 11 that the pressure response to exfoliation is severe generally only in the presence of fixed pigment, and that exfoliated females have less fixed pigment, it is necessary to investigate the effect of fixed pigment on the sex difference shown in Table 9 .
However, even when controlled for the degree of fixed pigment, the average IOP was lower for females in most combinations of exfoliation and fixed pigment (Table 12) .
The only other significant interaction was that (17) 18 (17) 19 (21) 23 (21) In the population group of 132 subjects there were 14 (11%) cases of exfoliation, 75% of whom had raised IOP (>22 mmHg) in the affected eye(s). Seven of these cases had unilateral exfoliation. The common occurrence of minor deposits of loose pigment in elderly people is confirmed in this group, where 65% were affected. Finally, 27% of the clinic group had some degree of exfoliation.
Discussion
The individual and combined effects of the different factors which make up the exfoliation syndrome have been investigated. Their influence on the exfoliation/ intraocular pressure relationship were also evaluated, and we found that the degree of pigmentation, extent of the lens changes, and sex were important elements.
We note that 50% of people aged over 60 have grade I loose pigment, and we think that this probably accounts for the conflicting reports on the influence of lower degrees of pigment deposition. Our study shows, however, that once grade II or III loose pigment occurs, the intraocular pressure rises to a pathological level. Previous observers have attributed the increase in intraocular pressure to blockage of the outflow channels by exfoliated material and pigment. Our studies show that the latter is the more important of the two.
A strong association between the development of lens changes and the exfoliative process has been found, but this may be a passive relationship as both are senile conditions. The more interesting finding is that advanced lens changes are associated with a small but significant decrease in the intraocular pressure in exfoliated eyes.
A sex association was of particular interest in that at each level of exfoliation a higher intraocular pressure was found in males. This unexpected result persists even when controlled for degree of fixed pigment (Table 12 ). Further research is obviously essential to substantiate the sex difference in the IOP response to exfoliation reported in this paper, and to explore the factors responsible for it.
The 74% of bilaterality is higher than average (50%-70%) but may be due to the age criterion in selection. We do, however, note a slight increase in the intraocular pressure in nonexfoliated eyes for the unilateral series, which agrees with Aasved's findings. ' We also noted that this is accompanied by a significant increase in the deposition of pigment.
Thus investigation of nonexfoliated eyes in the unilateral series suggests a stochastic progression of fixed pigment deposition, an increase in the intraocular pressure, and the onset of exfoliation in that order.
To conclude, we emphasise the importance of pigmentation in the relationship between exfoliation and raised intraocular pressure. We point to the high incidence of exfoliation in patients over 60 years old who attend the hospital outpatient departments. We suggest that pigment is deposited initially and that this is followed by an increase in intraocular pressure and then the deposition of the exfoliated material.
